ANISOTROPIC HEAT DIFFUSER PLATE 

[OOOI] This application claims priority under 35 U.S.C. § 

1 19(e) to U.S. Provisional Application No. 60/277106 for "Anisotropic 
Heat Diffuser Plate," filed on March 19, 2001, the entire contents of 
which are hereby incorporated by reference. 

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE INVENTION 

[0002] The present invention is generally directed to molds 

and molding processes, and more particularly to a method and an 
apparatus for molding processes that utilize an anisotropic diffuser 
member for uniformly distributing heat within a mold die. 

BACKGROUND OF THE INVENTION 

[0003] The processing of molded materials is a precise 

operation requiring the precisely timed application of pressure and the 
application of precise and uniform temperature. Any deviation from the 
desired parameters often leads to cracks and/or poor resin flow in the 
resulting product. 

[0004] The background art includes several examples of 

related control schemes for regulating mold process temperatures. For 
example, U.S. Patent No. 3,933,335 to Maruyama et al. describes a 
casting mold for casting metals that includes a paper-like sheet of carbon 
fibers admixed with organic fibers or pulp that is used as a liner between 
the molten metals within the mold and the mold's interior surface. The 
carbon fiber sheets include at least 35 percent by weight of carbon fibers 
in order to prevent undesirable stresses and seizure as a result of contact 
between the molten metal and the interior surface of the mold. 

[0005] U.S. Patent No. 4,388,068 to Suh et al., the entirety 

of which is herein incorporated by reference, describes an injection 
molding device and method that includes the use of a variable 
conductance heat pipe for controlling the rate of cooling of portions of a 
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mold cavity surface separately and independently from other portions of 
the mold cavity surface. This molding device and method inherently relies 
upon individualized, active temperature regulation and temperature 
approximation of numerous sub portions at various locations of the mold. 

[0006] U.S. Patent No. 5,154,221 to Vatant et al. describes a 

device for fixing and cooling a graphite block of a graphite wall of a mold. 
A mold cavity is formed by a plurality of vertically oriented graphite blocks 
that make up the mold cavity walls. The individual graphite blocks 
contain vertical bores arranged in parallel to the surface of the mold cavity 
walls. Each of the bores permits sprayed jet(s) of cooling fluid into the 
interior of the blocks to effect cooling of the mold cavities. However, the 
device of Vatant et al. requires a system for collection and delivery of 
cooling fluid and/or additional machining of parts to create the vertical 
bores of each graphite block and cooling system. 

[0007] U.S. Patent Nos. 5,609,922; 5,746,966; and 

5,783,259, all to McDonald, describe methods and molds for molding 
processes that incorporate thermal coatings applied to an interior surface 
of a mold cavity via the use of a thermal spray. The coatings may include 
ceramics, metal matrix composites, ceramic matrix composites/resins and 
various combinations thereof. The thermal coating is selected to impart a 
desired porosity into the interior surface of the mold cavity that will aid in 
rapid cooling and will add to the structural strength of the mold itself. 
However, the methods and devices of McDonald rely upon precision 
manufacturing techniques that necessitate controlled thermal spraying of 
coatings onto mold cavity components of various sizes and shapes. 

[0008] U.S. Patent No. 5,81 1,135 to Kimura, the entirety of 

which is herein incorporated by reference, describes a molding apparatus 
having a conventional molding box structure with a thermally expanding 
member. FIG. 1 is a side view of a molding apparatus according to the 
background art. FIG. 2 is a front elevation view of a mold member for the 
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molding apparatus of FIG. 1 . FIG. 3 is an exploded perspective view of 
the mold member for the molding apparatus of FIG. 1 . FIG. 4 is a 
sectional view of a molten material filling mechanism for a molding 
apparatus according to the background art. 

[0009] As seen in FIG. 1 through FIG. 4, a molding box 

structure 1 0 includes horizontally arranged support elements 1 1 , threaded 
struts 1 2, and a plurality of nuts 1 3. A mold member 20 (shown in two 
parts, e.g., an upper half 21 and a lower half 22), a pressurizing plate 30, 
a thermally expanding member 40 and an auxiliary pressurizing 
mechanism 50 are vertically arranged between the lower two support 
elements 1 1 in this order from top to bottom. The thermally expanding 
member 40 includes a temperature adjusting mechanism 60. 

[0010] The temperature adjusting mechanism 60 is used to 

control the pressure that the thermally expanding member 40 imparts to 
the mold member 20 to sealingly engage the upper and lower halves 
21,22 of the mold member. The temperature adjusting mechanism 60 
also includes a cylindrical heater (not shown) for heating and expanding 
the thermal expansion member 40. A cooling oil circuit (not shown) is 
used to contract and cool the thermally expanding member 40. 

[001 1] During a conventional molding process, the mold 

member 20 is accommodated between the pressurizing plate 30 and one 
of the support elements 1 1a2. The upper and lower molds 21 and 22 
have concavities formed in faces opposed to each other, in predetermined 
configurations, respectively. Each of the molds 21 and 22 further has a 
plurality of positioning pins 23 for preventing lateral misalignment. The 
upper mold 21 has a material filling hole 21a formed therethrough to 
correspond to the central cylinder hole 71 formed through the support 
plate 11a, as shown in FIG. 4. 

[0012] A thrusting piston 72 is insertable into the cylinder 

hole 71 and is connected to a piston 73a of an oil-hydraulic cylinder 
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mounted on and extending through a central portion of the uppermost 
support plate 1 1b. Movement of the piston 73a vertically moves the 
thrusting piston 72 so that molten material accommodated in the 
cylindrical hole 71 can fill the interior of the mold member 20 through the 
material filling hole 21a of the upper mold 21 . Depending on the type of 
molding process undertaken, the finished molded product is demolded 
after the required cooling process or molding process is completed. 

[0013] However, the aforementioned arrangements of the 

background art lack a simple method for ensuring the elimination of 
temperature gradients, e.g., hot spots or other temperature variations 
along variation portions of the mold cavity. These temperature gradients 
will likely result in surface cracking, sinks, warping and other forms of 
distortion or surface irregularity. When the mold cavity is heated in an 
attempt to ensure adequate mold cavity, e.g., the temperature of the 
melt, the transfer of heat to the mold cavity should be in a controlled, 
uniform manner that ensures that temperature control does not result in 
undesirable heating of the melt that may lead to increased mold cooling 
times and overall process cycle times. 

SUMMARY OF THE PRESENT INVENTION 

[001 4] The present invention overcomes the shortcomings 

associated with the background art and achieves other advantages not 
realized by the background art. 

[0015] The present invention, in part, is a recognition that it 

will be advantageous to uniformly distribute heat within a mold die or 
molding cavity during a molding process. 

[0016] The present invention, in part, is a recognition that the 

unique properties of fiber reinforced composites can be utilized to produce 
precision temperature control and heat transfer if manipulated to have a 
predetermined geometry. 
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[°017] The present invention, in part, provides a mold 

assembly for a molding process comprising a mold member and an 
anisotropic diffuser member, the diffuser member comprising a fibrous 
composite having a plurality of fibers each having a respective length, the 
fibers being arranged in a lay-up with the length of each fiber arranged in 
a substantially uniform direction within the diffuser member, wherein the 
diffuser member is arranged in a position permitting a rapid transfer of 
heat along the length of each fiber to the mold member. 

[0018] The present invention, also in part, provides an 

anisotropic diffuser plate for a mold assembly, the diffuser plate 
comprising a fibrous composite having a plurality of fibers each having a 
respective length, the fibers being arranged in a lay-up with the length of 
each fiber arranged in a substantially uniform direction within the diffuser 
member, wherein the diffuser member is arranged in a position permitting 
15 a rapid transfer of heat along the length of each fiber. 

[0019] The present invention, also in part, provides a method 

of controlling process temperatures in a molding apparatus, the method 
comprising the steps of controlling a temperature of a mold member with 
a heat source; and arranging an anisotropic diffuser member along a 
20 surface of the mold member for distributing heat uniformly along a length 
of the anisotropic diffuser member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention will become more fully 

understood from the detailed description given hereinafter and the 
25 accompanying drawings which are given by way of illustration only, and 
thus do not limit the present invention. 

[0021 ] FIG. 1 is a side view of a molding apparatus according 

to the background art; 
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[0022] FIG. 2 is a front elevation view of a mold member for 

the molding apparatus of FIG. 1; 

[0023] FIG. 3 is an exploded perspective view of the mold 

member for the molding apparatus of FIG. 1; 

[0024] FIG. 4 is a sectional view of a molten material filling 

mechanism for a molding apparatus according to the background art; 

[0025] FIG. 5 is a partial side view of an anisotropic diffuser 

member according to an embodiment of the present invention; 

[0026] FIG. 6 is a front elevation view of a mold member 

including anisotropic diffuser members according to an embodiment of the 
present invention; 

[0027] FIG. 7 is a front elevation view of a mold member 

including anisotropic diffuser members according to an embodiment of the 
present invention; and 

[0028] FIG. 8 is a front elevation view of a mold member 

including anisotopic diffuser members according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0029] The present invention will now be described in detail 

with reference to the accompanying drawings. FIG. 5 is a partial side 
view of an anisotropic diffuser member according to an embodiment of 
the present invention. FIG. 6 is a front elevation view of a mold member 
including anisotropic diffuser members according to an embodiment of the 
present invention. FIG. 7 is a front elevation view of a mold member 
including anisotropic diffuser members according to an embodiment of the 
present invention. FIG. 8 is a front elevation view of a mold member 
including anisotropic diffuser members according to an embodiment of the 
present invention. 
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[0030] The molding apparatus 10 shown in FIG. 1 through 

FIG. 4 is representative of an applicable mold apparatus and process that 
may be well suited for the present invention. However, one of skill in the 
art will appreciate that there are a multitude of molding apparatus 10 and 
molding processes for which the present invention will be especially 
advantageous. Further, although a two-part molding member 20 is shown 
in the accompanying figures, one of skill in the art will appreciate that 
multi-part molds can be readily employed as desired by the specific 
molding application. 

[0031] As aforementioned, molding processes often utilize 

heaters or other methods of temperature control to ensure uniform 
temperatures within a mold die or mold cavity. However, depending on 
the placement of the heaters within or along a mold die or mold cavity, 
there can be dramatic differences in temperatures throughout the mold 
cavity. The present invention dramatically reduces these thermal 
gradients that may occur from uneven heating of a mold cavity. 

[0032] The present invention utilizes the unique properties of 

fiber reinforced composites to uniformly distribute the heat within a mold 
die during a molding process. Fiber reinforced composites can be 
designed to more rapidly distribute the heat along the length of the die as 
opposed to the linear distance between the heater, e.g., a heat rod, and 
the molded piece. Fiber reinforced composites can be placed along the 
interior of a mold cavity in the same linear direction as the piece being 
molded. The fiber reinforced composites can be either of a fiber 
reinforced composite coating or an actual structural plate, such as a 
diffuser plate. 

[0033] For example, graphite fiber reinforced composites are 

ideally suited for the present invention due to their unique thermal 
properties. The individual fibers can be arranged in a substantially 
uniform direction, e.g., resembling the grain of a piece of wood. One of 
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skill in the art will appreciate that the individual fibers of a fibrous 
material, despite being non-linear geometrically, can be arranged so that 
the lengths of each fiber are generally arranged in parallel to each other. 

[0034] FIG. 5 is a partial side view of an anisotropic diffuser 

member 100 according to an embodiment of the present invention. The 
anisotropic diffuser member 100 has individual fibers 101 that are 
arranged in a uniform manner along the length of each individual fiber in 
the lay-up. With this type of diffuser member 1 00, heat will travel 
significantly faster in the direction of the fibers, e.g. along their length L, 
than it will through the direction of the lay-up, e.g. directions transverse 
to the length L of the fibers 101 . When heat is applied in the direction of 
the lay-up, the heat is diffused rapidly along the lengths L of the fibers 
101 and travels much slower against the grain of these fibers 101 . 

[0035] FIG. 6 is a front elevation view of a mold member 20 

including anisotropic diffuser member 100 according to an embodiment of 
the present invention. A two-part mold member 20 is shown having an 
upper mold member 21 and a lower mold member. In this embodiment, 
heat can be applied from any or all directions to the mold member 20 by 
heaters (not shown, but represented by Q lN ). If the diffuser members 100 
were not used, hot spots would likely develop at the individual points of 
application of the heat from the heaters Q IN . Although the rate of 
distribution of heat along the diffuser member 100 is typically variant with 
respect to direction or orientation, these anisotropic diffuser members 
100 instead force heat to travel rapidly and uniformly along the length of 
the fibers. Accordingly, uniform temperature distribution is achieved 
along the upper and lower surfaces of the mold member 20 shown in FIG. 
6. 

[0036] FIG. 7 is a front elevation view of a mold member 20 

including anisotropic diffuser members 100 according to an embodiment 
of the present invention. A pair of anisotropic diffuser members 100 are 
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arranged along a pair of vertical walls of a mold cavity 90 in the mold 
member 20 shown. If heat were applied along the upper and lower 
surfaces of the mold member 20 in the embodiment shown in FIG. 7, the 
vertically arranged diffuser members 100 would ensure that the heat is 
rapidly transferred along the full length of the mold cavity 90. 

[0037] FIG. 8 is a front elevation view of a mold member 20 

including anisotropic diffuser members 100 according to an embodiment 
of the present invention. In addition to a pair of vertically arranged 
diffuser members 100, a horizontally arranged diffuser member 100 is 
also shown. Although a diffuser member is not shown affixed along an 
upper surface of the mold cavity 90, one of skill in the art will appreciate 
that this is possible if the diffuser member is formed so as to still permit 
the introduction of melt into the mold cavity 90 during a molding process, 
e.g., machined with an inlet hole to match that corresponding to the mold 
member 20. 

[°°38] One of skill in the art will appreciate that any number 

of diffuser members 100 of a variety of sizes and shapes can be applied 
to a mold cavity 90 according to the present invention. As long as the 
diffuser members 100 are selected to impart uniform temperature 
distribution and still conform to the wide variety of mold cavity 
geometries possible in the molding art, the operator of the molding 
process is afforded precise temperature control with easy positioning of 
the diffuser members 100 as desired. 

[0039] In a preferred embodiment, diffuser members may be 

approximately 0.5 inches in thickness. However, one of skill in the art 
will appreciate that the precise dimensions of the diffuser members 100 
will depend on the targeted application, e.g., the size and shape of the 
mold cavity to which it will be applied. 

[0040] Graphite fiber reinforced composites are particularly 

advantageous due to their unique thermal properties and fibrous internal 
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structure. However, one of skill in the art will appreciate that alternative 
materials can be incorporated into the present invention, particularly those 
showing common properties with those specifically listed in the foregoing 
embodiments. It will be appreciated that many fibrous composites may 
be advantageously incorporated into the present invention. Any fibrous 
material having the ability to be manufactured so as to produce a 
controlled thermal conductivity as a result of the aforementioned fibrous 
lay-up is applicable to the present invention and the foregoing 
embodiments. 

[0041] A method according to the present invention will now 

be described with reference to the accompanying drawings and foregoing 
description. A method of controlling process temperatures in a molding 
apparatus 10 includes the steps of controlling a temperature of a mold 
member 20 with a heat source; and arranging an anisotropic diffuser 
member 100 along a surface of said mold member 20 for distributing heat 
uniformly from said heat source along a length of said anisotropic diffuser 
member 100. 

[0042] The method of controlling process temperatures in a 

molding apparatus may include a diffuser member 100 having a fibrous 
reinforced composite with a plurality of fibers each having a respective 
length L, wherein the fibers 101 are arranged in a lay-up with the length 
of each fiber 101 arranged in a substantially uniform direction within said 
diffuser member 100. The diffuser member 100 is arranged in a position 
permitting a rapid transfer of heat along the length L of each fiber 101 . In 
a preferred embodiment, the fibrous composite is a graphite reinforced 
composite. 

The diffuser member 100 can be arranged in a position along an 
interior surface of a mold cavity 90 of said molding member 20 as seen in 
FIG. 7 and FIG. 8. Alternatively, the diffuser member 100 can be 
arranged along an exterior surface of the mold cavity 90 as seen in FIG. 6 
or along a combination of both interior and exterior surfaces. The diffuser 
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member 100 may be applied in the form of a diffuser plate or even a 
permanently applied thermal coating. 
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